The natural creaming of raw and heated camel milk was studied. Compared with cow (Bos taurus) milk, camel (Camelus dromedarius) milk showed very slow creaming rate in both raw and heated milk at refrigerator and room temperatures. Fat globule size distribution was similar in cow and camel milks. The creaming ability was also studied in various combinations of skim milks and creams of raw camel and cow milks. All systems that contained skim camel milk creamed poorly. It was concluded that insufficient quantity of agglutinin in camel milk was mainly responsible for the slow rate of creaming.
INTRODUCTION
Camels (Camelus dromedarius) are important dairy animals in certain regions of the world Most of the camel milk is drunk fresh or when it has just soured. Traditional camel rearing societies apparently have problems in converting camel milk into butter, and it is often stated that conversion is not possible (3, 13) . A recent study on butter manufacture from camel milk run in rural areas in Kenya showed, however, that butter can be made from camel milk (4) . Cream was separated with a hand centrifuge and churned under varying conditions. The highest milk fat yield (8S.3%) was found at 2S·C from cream with a fat content of 22.5%. The main reason for the reported difficulties in obtaining camel butter was the different churning behaviour of camel fat in comparison with cow (Bos taurus) milk fat. An earlier study (4) reported that, upon standing, camel milk creams by gravity less rapidly and completely than cow milk. For proper understanding of this behaviour, the creaming ability and the size distribution of fat globules in camel milk were investigated
MATERIALS AND METHODS

Milk Samples
Bulked fresh camel milk and cow milk were supplied by the university herd in Nairobi, Kenya. The experiments on creaming rate were carried out immediately after milk collection. Milk used for fat globule size determination was pooled, kept refrigerated and transported to our laboratory within 36 h.
Measurement of Creaming Rate
Six pooled camel milk samples were heated in water baths for 30 min at SS, 60, 62, 68, 70, and 77·C. Duplicate samples of 100 ml for each temperature were poured into measuring cylinders (i.d 30 mm, height 250 mm) and left to cool. On reaching ambient temperature, two drops of nigrosin solution were added to all samples to allow clear optical distinction between the aqueous (blue) and fat (white) phases. The milk samples were left to cream at 4·C, and the cream layer was measured from the scale of the measuring cylinder after 5 and 24 h. Untreated raw milk was creamed under the same conditions in parallel to the heated samples. For comparison, the same studies were carried out with cow milk.
Agglutinin Test in Camel Milk
Fresh camel milk: and fresh cow milk of 3.7 and 3.5 milk: fat percentage, respectively, were used. To increase the concentration of the agglutinating substance in skim milk:, the milk: was heated at 45°C for 60 min and separated at 5000 x g with an Alfa-Laval hand centrifuge type 24S (Alfa-Laval, Inc., Kansas City, MO). Various combinations of skim milks and creams were prepared by mixing skim milk and cream to produce a mixture containing 4% fat. Cream layer volume measurement was made after 24 h at 4 °C, and the fat percentage in 50-ml portions of skim milk withdrawn from the bottom of the measuring cylinder was estimated by the Gerber method (10) .
Size Distribution of Fat Globules in Camel Milk
Distribution of fat globule size was determined in whole milk and cream supplies of 30% fat content. Photomicrographs were made using a Wild-Leitz Light Microscope M20, equipped with a camera MKA4 (Wild-Leitz, Heerbrugg, Switzerland). The diameter of the fat globules was measured on prints with a final magnification of 1000 times. An eyepiece micrometer was used for calibration. On eight photographs, 1803 particles were counted. The diameters were classified into size classes of I-J.UD class widths. The number and volume frequencies and various statistical parameters of the size distribution were calculated using a program written in GW-BASIC for MS-DOS computers. (The listing of the program is available on request from M. Rüegg.)
RESULTS AND DISCUSSION
Creaming Capacity of Camel Milk
Preliminary experiments were made in which different creaming conditions of camel milk were studied in order to ascertain which heating temperature and creaming conditions merited investigation. The results of the~ selected experimental conditions are presented in Figure  1 . The creaming rate of cow milk: was consistent with findings reported in the literature (11) . Heating up to 62·C for 30 min increased the cream volume over that of raw milk. At higher temperatures, the creaming Heating temperature °C Figure 1 . Creaming rate of raw and heated camel milk and cow milk. Camel milk (3.3% fat content) after 5 h (•) and 24 h (*). Cow milk (3.4% fat content) after 5 h (+) and 24 h (□).
rate was rapidly reduced, mainly because of protein denaturation. Compared with cow milk:, camel milk shows a very slow creaming rate at all temperatures. Creaming layers varied from .5 to 2 ml at 4 ·C. Creaming of camel milk' samples at room temperatures was not significantly different from that creamed at 4·C. Extending the creaming time up to 48 h did not produce any significant increase in creaming layer.
The creaming phenomenon in milk, particularly in cow milk, has been extensively investigated. The main factor responsible for rapid formation of a cream layer on cow milk has been shown to be a heat denaturable protein adsorbed on cold fat globules, which has the characteristics of a euglobulin. This protein, know as fat agglutinin, promotes clustering of globules (6) .
To test whether the low creaming capacity of camel milk could be due to the deficiency in agglutinin, the creaming ability of raw cow milk, raw camel milk, and various combinations of skim milks and creams was studied. Results of cream volume and fat percentage are presented in Table 1 . It is presumed that TABLE 1. Creaming of camel and cow milks and of various combinations of their cream and skim milks in 100-ml measuring cylinders at 4°C the warm separation at 4S o C yielded agglutininrich skim milk and relatively agglutinin poor cream (6) . Mixing a cream with its own skim milk yielded cream layer approximately equal to the original unseparated milk. The milk from camel cream and cow skim milk creamed much better than camel milk and the mixture of cow cream and camel skim milk. This could be an indication that camel milk lacks the agglutinating substance required to cluster fat globules. The creaming behaviour of camel milk appears to be similar to that of buffalo and goat milks (1, 2, 7), which show poor creaming ability due to an insufficient quantity of agglutinin.
To examine whether the observed difference in creaming power between camel and cow milk could be related to differences in the size of the fat globules, the size distribution of camel milk fat globules was determined by light microscopy. Figure 2 shows the volume frequency distribution of fat globules in camel milk compared with the distribution found in cow milk (12) . The results show similar globule size distribution in cow and camel milks. From the light microscopy data, a mean diameter of 2.61 J.1m, a volume to surface mean diameter of 4.40 J.1m, a weight mean diameter of S.l1 J.1m, and a distribution width of 40.1 % can be calculated. These values are comparable with those reported for cow milk (8, 9, 12) . A chisquare heterogeneity test (2 X k contingency table) applied to the data in Figure 2 revealed a chi-square value of only 1.7 [chisquare (P = .9S, n = 4) = 9.S]. This indicates that the size distributions were not significantly different. Therefore, the difference observed in the creaming behaviour between cow and camel milk cannot be explained by differences in the size of fat globules.
Comprehensive information on camel fat globules is not available. The only reference cited in the literature is the work of Knoess et al.
(S), who analyzed camel milk of five different animals and found an average fat globule size diameter ranging from 2.31 to 3.93 J.1m. However, no details on the total particles counted were given, nor was the method used in the study disclosed. 
Sample
Cream layer after 24h Fat in lower 50ml after 24h [ml] [%] From the results of the present investigation, it can be concluded that natural creaming of camel milk differs markedly from that of cow milk. The rate of creaming of camel milk is very slow, both in raw and heated milk at refrigerator and room temperatures. The present study reveals no relationship between the average size distribution of fat globules and the observed poor creaming properties of camel milk. The results indicate that an insufficient quantity of agglutinin in camel milk may be responsible for the slow creaming rate. However, it is also possible that camel milk contains the protein required to cluster fat globules but that structural features of the protein are such as to preclude adsorption to the fat globules. Other factors, such as electrical charges on the globules, ionic distribution, and interfacial tension between milk sera and fat globules may also contribute to the poor creaming ability of camel milk.
